Brain imaging studies find evidence of prefrontal cortical dysfunction in cocaine-dependent subjects. Similarly, cocaine-dependent subjects have problems with behaviors related to executive function and impulsivity. Since prefrontal cortical axonal tracts cross between hemispheres in the corpus callosum, it is possible that white matter integrity in the corpus callosum could also be diminished in cocainedependent subjects. The purpose of this study was to compare corpus callosum white matter integrity as measured by the fractional anisotropy (FA) on diffusion tensor imaging (DTI) between 18 cocaine-dependent subjects and 18 healthy controls. The Barratt Impulsiveness Scale (BIS-11) and a continuous performance test: the Immediate and Delayed Memory Task (IMT/DMT) were also collected. Results of the DTI showed significantly reduced FA in the genu and rostral body of the anterior corpus callosum in cocainedependent subjects compared to controls. Cocaine-dependent subjects also had significantly higher BIS-11 scores, greater impulsive (commission) errors, and reduced ability to discriminate target from catch stimuli (discriminability) on the IMT/DMT. Within cocaine dependent subjects there was a significant negative correlation between FA in the anterior corpus callosum and behavioral laboratory measured impulsivity, and there was a positive correlation between FA and discriminability. The finding that reduced integrity of anterior corpus callosum white matter in cocaine users is related to impaired impulse control and reduced ability to discriminate between target and catch stimuli is consistent with prior theories regarding frontal cortical involvement in impaired inhibitory control in cocainedependent subjects.
INTRODUCTION
One of the most consistent findings of brain imaging studies of cocaine abusers is alteration in frontal cortical structure and function (Volkow and Fowler, 2000) . Studies of prefrontal cortical function using Positron Emission Tomography (PET) or Single Photon Emission Tomography (SPECT) show changes in prefrontal cortical blood flow or metabolism in chronic cocaine users after discontinuing cocaine. Acutely after cocaine discontinuation, PET studies find increases in frontal cortical blood flow or metabolism, followed by reductions after several days of abstinence (Volkow et al, 1991 (Volkow et al, , 1992 (Volkow et al, , 1988 . In a study using SPECT and perfusion magnetic resonance imaging (MRI), cocaine users who were abstinent for an average of 11 months showed increased regional cerebral blood flow (rCBF) in frontal white matter, and reductions in rCBF in the cortex and deep white matter (Ernst et al, 2000) . The authors interpreted these findings as possibly due to reactive gliosis in frontal white matter of cocaine users. Other studies using volumetric MRI also support alterations in frontal cortical gray and white matter in cocaine-dependent subjects. O'Neill et al (2001) studied cocaine users who used cocaine alone, and cocaine users who used cocaine and alcohol using quantitative MRI. The results of that study were that cocaine-dependent subjects had less gray and white matter in the prefrontal cortex. Furthermore, the structural white matter deficits seen in cocaine users correlated significantly with duration of cocaine use. Fein et al (2002) examined regional cortical volumes in cocaine-dependent subjects abstinent for 6 weeks, finding that cocaine dependence was associated with reduced prefrontal cortical volume and performance impairments in executive function. Franklin et al (2002) also found reductions in gray matter as measured by voxel-based morphometry on structural MRI in ventromedial orbitofrontal, anterior cingulate, insular, and superior temporal cortices of cocaine-dependent subjects in comparison to controls. However, white matter did not differ between the two groups. Bartzokis et al (2002) studied white matter volumes using structural MRI in 37 cocaine-dependent subjects and 52 healthy controls between the ages of 19 and 47 years. Results of that study were that the age-related increase in white matter volume seen in normal controls was not present in cocaine-dependent subjects, suggesting an arrested development of white matter maturation in frontal lobes of cocaine-dependent subjects. Taken together, these studies provide evidence that cocaine-dependent subjects have alterations in prefrontal cortical structure and function, with changes in both gray and white matter.
There is also a growing body of evidence relating cocaine dependence to impairment in impulse control. Several studies found increases in questionnaire-measured impulsivity in cocaine-dependent subjects (Moeller et al, 2002; Patkar et al, 2004) . Similarly, recent studies using behavioral laboratory measures of impulsivity also reported increased impulsivity in cocaine-dependent subjects (Coffey et al, 2003; Moeller et al, 2002) . Since the prefrontal cortex is one area thought to be important in impulse control (Dalley et al, 2002a, b; Winstanley et al, 2003) , it is possible that the increased impulsivity seen in chronic cocaine use is related to changes in prefrontal cortical structure.
Diffusion tensor imaging (DTI) provides information about the microstructural organization of deep tissues in vivo (Taber et al, 2002 (Taber et al, , 2004 . Specifically, DTI provides information about white matter integrity through measurement of directionality of motion of water molecules in the brain. In the absence of barriers, water molecules in tissues undergo Brownian motion along all possible directions. This is referred to as isotropic diffusion. However, in the presence of barriers such as axonal membranes, the diffusion of water molecules exhibits directional preference. This is referred to as anisotropic diffusion. Organized structures such as white matter fiber tracts exhibit a large anisotropy since the water diffusion is restricted along the length of the tracts. A reduction in the anisotropy implies less restraint of water molecules that may be related to subtle white matter pathology and loss of integrity in fiber tracts that are not evident with other radiological modalities, including conventional MRI (Klingberg et al, 2000) . The most commonly used index for quantifying the anisotropy is fractional anisotropy (FA) that has been recently shown to be less affected by noise than other measures (Hasan et al, 2004) .
There is growing evidence that many psychiatric disorders and substance abuse may involve white matter pathology and impaired cortical communication as a result of compromised fiber connectivity between different brain regions. For example, Pfefferbaum et al (2000) have shown a correlation between FA values in the splenium of the corpus callosum and working memory in chronic alcoholics. These results provide some of the first in vivo evidence of disrupted white matter microstructure in chronic alcoholics. The finding of a relationship between FA values in the splenium of the corpus callosum and performance was replicated in controls by Madden et al (2004) who found a negative correlation between FA and reaction time. Also based on DTI studies, Lim et al (2002) observed compromised white matter integrity in the inferior frontal brain region in cocaine users. This finding of disrupted connectivity in the inferior frontal regions is consistent with the suggested critical role of the prefrontal cortex in impaired decision-making that is evident in cocaine users (Jentsch and Taylor, 1999) . Thus, DTI has the potential to provide information about the role of white matter integrity on impulsivity and an objective metric of brain structure that could have important implications in the pathophysiology of cocaine dependence and associated behaviors.
The purpose of this study was to determine whether cocaine-dependent subjects differed from nondrug using controls on white matter integrity using DTI. We further sought to determine whether there were differences between groups on questionnaire and behavioral laboratory measured impulsivity. Finally, we sought to determine whether there was any relationship between white matter integrity and impulsivity in cocaine-dependent subjects.
MATERIALS AND METHODS

Subjects
A total of 18 subjects with current cocaine dependence and 18 nondrug using controls were recruited through newspaper advertisements for research volunteers. All subjects were screened for psychiatric and nonpsychiatric medical disorders using the Structured Clinical Interview for DSM-IV (SCID) (First et al, 1996) , a medical history and physical examination. Subjects also underwent the Addiction Severity Index (McLellan et al, 1992) to document lifetime drug and alcohol use. Cocaine users who did not meet current DSM-IV criteria for cocaine dependence, or who met current criteria for other substance dependence besides cocaine were excluded. Cocaine users were also excluded if they had current or past nonpsychiatric medical disorders which affect the central nervous system (CNS), or had Axis I disorders other than substance abuse or dependence. Healthy controls were excluded if they had any current or past DSM-IV Axis I disorders, nonpsychiatric medical disorders that affect the CNS, or had a positive urine drug screen. Urine drug screening was performed on all subjects using an immunochromatographic assay for THC, opiates, cocaine (benzoylecgonine), and benzodiazepines (Syva Company). All subjects were free of alcohol at the time of testing as determined by an Intoximeter Alcosensor III breathalyzer (Intoximeters, Inc., St Louis MO). This study was approved by the Committee for the Protection of Human Subjects of the University of Texas Health Science Center at Houston, and was performed in accordance with the Declaration of Helsinki. All cocaine-dependent subjects were referred for treatment of cocaine dependence at the end of the study.
Behavioral Measures
The Barratt Impulsiveness Scale version 11 (BIS-11) (Patton et al, 1995 ) is a 30-item questionnaire which has been extensively used in research on impulsivity and impulse control disorders. Previous research found increased scores on the BIS-11 in a number of impulsive populations, including cocaine dependence (Moeller et al, 2002) , and Bipolar Disorder ). The BIS-11 has three subscales determined by factor analysis: (1) Motor, or acting without thinking, (2) Attentional, not focusing on the task at hand, and (3) Nonplanning, not thinking carefully (Patton et al, 1995) .
The Immediate and Delayed Memory Task (IMT/DMT) ) is a continuous performance test in which subjects are presented with a series of five-digit numbers via a computer monitor. Subjects are told to press a mouse button when numbers appear that are identical to the preceding stimulus and withhold a response if the numbers are not identical. The IMT/DMT consists of two parts; the immediate memory task (IMT) in which stimuli appear consecutively, and the delayed memory task (DMT) in which the stimuli are separated by three 'distracter' stimuli that the subjects are told to ignore. The IMT/DMT yields data related to attention, memory, and impulse control including: (1) correct detections or 'hits', which are the percentage of responses to matching stimuli; (2) latency, which is the period of time in milliseconds before a response is made, to either a target (correct) stimulus or a 'catch' stimulus which differs from the target stimulus by only one digit; (3) commission errors, in which the subject responds to a 'catch' stimulus which differs by one digit from the target stimulus; (4) the nonparametric signal detection score A 0 . A 0 is a bias-free measure of discrimination or detectability of signal from noise that is analogous to the signal detection parameter d 0 (Gescheider 1985) . Unlike d 0 , A 0 is distribution-free and does not rely on underlying assumptions of normality. A 0 is calculated according to the formula in Donaldson (1992) . Scores range from 0.5 (equal to chance) to 1.0 (perfect target/catch discriminability), with higher A 0 values indicating better discrimination. Commission errors are conceptually related to impulsivity in that the inability to withhold an inappropriate behavioral response is a key aspect of some definitions of impulsivity . Supporting this conceptual association is the fact that false alarms have previously been found to be correlated with questionnaire measures of impulsivity (Dougherty et al, 2000) , and to be increased in impulsive groups such as adolescents with conduct disorder , and correlate with symptoms of mania in patients with Bipolar Disorder (Swann et al, 2003) .
DTI
Full brain DTI (Basser 1995; Hasan et al, 2002) was acquired with a diffusion sensitized dual spin echo prepared echoplanar imaging (SE-EPI) sequence, (Hasan et al, 2002; Moseley et al, 2002; Bammer, 2003) on a 1.5T General Electric echospeed CNV MRI scanner using a standard quadrature RF Head Coil. The gradient system is capable of producing a maximum gradient amplitude of 40 mT/m on all channels with a slew rate of 120 T/m/s. The dual spin echo sequence has been shown to reduce image distortion associated with residual eddy currents induced by the large diffusion encoding gradient pulses (Reese et al, 2003) . The sequence utilizes ramp sampling to minimize distortion and image artefacts. The diffusion weighting factor is set to 1400 s/mm 2 and the diffusion tensor encoding scheme is based on the uniformly distributed and balanced rotationally invariant Icosa21 tensor-encoding set (Hasan et al, 2001a; Hasan and Narayana, 2003) . Following the acquisition of sagittal scout images, full brain axial sections were acquired with a 4 mm slice thickness with no gap, 128 Â 128 matrix, and a field of view of 24 Â 24 cm. The echo time was 79.3 ms with a repetition time of 5000 ms and four averages. This provided an acceptable signal-to-noise ratio (SNR 0 B50) to enable region of interest analysis. The total DTI scanning time was 7.3 min. To increase the image registration fidelity, facilitate white-gray matter classification, and enhance the specificity of region-of-interest analysis (Pfefferbaum and Sullivan, 2003) , fast spin echo proton density and T2-weighted images were acquired from the same location as DTI.
DTI Post Processing
The magnitude averaged diffusion weighted and encoded MRI images were first spatially filtered using a 3 Â 3 window median filter. The images were then registered and distortion corrected using the Automated Image Registration (AIR) package (Woods et al, 1998) . The distortion corrected images were decoded using a least-squares singular value decomposition approach to estimate the diffusion tensor elements (Hasan et al, 2002) . The tensor diagonalization and anisotropy maps were computed based on a thresholded intensity erosion-dilation and positive definite mask and accelerated using the analytical diagonalization approach (Hasan et al, 2001b) . The output DTI data were interpolated to attain isotropic voxels and the reformatted data sets were used further to obtain multiplane reports and mpeg movies for visualization, region of interest segmentation, and statistical analysis (Hasan et al, 2001b) .
The corpus callosum was the focus of this analysis, based on three factors. First, the corpus callosum is easily and reliably identifiable on DTI images due to the large concentration of white matter fiber tracts. This allows for a clear separation of white matter from gray matter and CSF, which are significant confounding factors in the DTI analysis (Bhagat and Beaulieu, 2004) . Second, corpus callosum white matter tracts are significantly influenced by cortical damage (de Lacoste et al, 1985) , thus subtle damage to the prefrontal cortex due to cocaine use may be seen in changes in corpus callosum FA. Lastly, studies in subjects with Attention Deficit Hyperactivity Disorder (ADHD) found corpus callosum volumes to be related to impulsivity measures (Giedd et al, 1994) . In order to compare regions of the corpus callosum and thereby examine fiber tracts linked to different cortical regions, the corpus callosum was divided into seven segments based on the previous work by Witelson (1989) (see Figure 1) .
Statistical Analyses
Student's t-tests were used to examine group differences on continuous demographic variables. The Pearson w 2 analysis was used to compare groups on categorical demographic variables. Pearson correlations were used to examine the relationship between normally distributed variables, and Spearman correlations were used to examine relationships between non-normally distributed variables. Group comparisons on FA in the seven regions of the corpus callosum were performed using the SPSS r Mixed Model analysis of variance (ANOVA), with a first order autoregressive (AR1) model of the covariance structure. The Mixed Model analysis included one within-subjects variable, group with two levels (cocaine dependent vs controls), and one withinsubjects factor, region of the corpus callosum with seven levels based on the seven segments in the previous work by Witelson (1989) . Post hoc comparisons of group differences in specific regions of the corpus callosum were performed using the Dunnet-Sidak correction for multiple comparisons. Group comparisons on impulsivity measures were performed using ANOVA.
RESULTS
Demographics
A total of 18 cocaine-dependent subjects and 19 controls were recruited and scanned using DTI. One control subject was dropped from the analysis after she was found to have a previously unknown mass in the cerebellum.
Of the 36 subjects included in the statistical analyses, four of the controls were women and 14 were men, identical to the gender distribution of the cocaine-dependent subjects (w 2 p ¼ 1.00). The mean age for the cocaine-dependent subjects was 33.178.7 years ranging from 20 to 45 years. The mean age of the controls was 30.377.7 years ranging from 21 to 47 years. This was not a statistically significant difference in age between groups (t ¼ 1.015, df ¼ 34, p ¼ 0.317). Handedness did not differ statistically between groups, with all subjects being right handed with the exception of two left-handed controls and one left-handed cocaine-dependent subject (w 2 p ¼ 0.546).
Drug Use
Cocaine-dependent subjects reported an average of 3.9 uses of cocaine per week (range o1-7), spending on average $109 per occasion with a range of $20-$700. In total, 67% of the cocaine-dependent subjects smoked cocaine (crack) and 33% reported intranasal cocaine use. Cocaine-dependent subjects reported using cocaine for an average of 9.777.1 years ranging from 2 to 28 years. A total of 11 cocainedependent subjects had a positive urine drug screen for cocaine, four were positive for THC and one was positive for opiates at the time of DTI scanning. Two cocainedependent subjects met criteria for past alcohol dependence. All cocaine-dependent subjects had some current or past alcohol use, drinking on average 4.2 days per week. Subjects reported drinking alcohol for an average of 13.976.8 years, ranging from 3 to 25 years. Six of the 18 cocaine-dependent subjects were polydrug users. These subjects had a history of using two other classes of drugs besides cocaine and marijuana over 50 times. These drugs included amphetamine-methamphetamine-MDMA, benzodiazepines, and hallucinogens. Other drugs used by cocaine-dependent subjects were marijuana (94.4%), amphetamine-methamphetamine-MDMA (50%), opiates (38.9%), benzodiazepines (61.1%), hallucinogens (38.9%), and other sedative-hypnotics (16.7%).
Quantitative Regional DTI
Mean FA values for cocaine-dependent subjects and controls for each of the seven regions of the corpus callosum are shown in 
Impulsivity Measures
Mean BIS-11 and commission errors for cocaine-dependent subjects and controls are shown in Table 2 . Cocainedependent subjects showed significantly higher BIS-11 total scores (F ¼ 11. Areas of significant reduction in cocaine-dependent subjects.
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Cocaine-dependent subjects also had significantly lower correct detections on both the IMT (F ¼ 11.2, df ¼ 1, 34, p ¼ 0.002) and the DMT (F ¼ 7.3, df ¼ 1, 34, p ¼ 0.011), as well as significantly higher commission errors for the IMT (F ¼ 4.8, df ¼ 1, 34, p ¼ 0.035) and the DMT (F ¼ 6.27, df ¼ 1, 34, p ¼ 0.017), and a longer response latency for 'catch' stimuli (F ¼ 4.87, df ¼ 1, 34, p ¼ 0.034). Cocaine-dependent subjects also had significantly lower signal detection as measured by A 0 for both the IMT (F ¼ 15.7, df ¼ 1, 34, p ¼ 0.000) and the DMT (F ¼ 7.76, df ¼ 1, 34, p ¼ 0.009) (see Table 2 ).
Relationship between Behavioral Measures and DTI
In order to determine whether there was a relationship between the behavioral measures and the FA values for the two regions of the anterior corpus callosum that were significantly different between the two groups, a Pearson correlation analysis was performed. That analysis demonstrated a significant negative correlation between impulsivity as measured by IMT commission errors and FA in the rostral body of the corpus callosum (r ¼ À0.421, p ¼ 0.011), as well as a significant positive correlation between signal detection as measured by IMT A 0 and FA in the rostral body of the corpus callosum (r ¼ 0.469, p ¼ 0.004) for all subjects. These correlations were primarily due to the cocainedependent subjects since neither the correlation between IMT commission errors and FA (r ¼ À0.003, p ¼ 0.990), nor the correlation between IMT A 0 and FA (r ¼ 0.060, p ¼ 0.814) were significant in controls. Both correlations were significant within cocaine-dependent subjects (IMT commission errors and FA r ¼ À0.708, p ¼ 0.001, IMT A 0 and FA r ¼ 0.541, p ¼ 0.020) (see Figures 2 and 3 ). There were no significant correlations between BIS total scores or subscales and FA values.
Relationship between Regional DTI and Drug Use
Within cocaine-dependent subjects, there was a significant negative correlation between FA in the genu and years of self-reported cocaine use (Spearman r ¼ À0.505, p ¼ 0.033), and years of alcohol use (Spearman r ¼ À0.612, p ¼ 0.007). However, there was also a significant negative correlation between age and FA (r ¼ À0.690, p ¼ 0.002). Since age was positively correlated with years of cocaine (Spearman r ¼ 0.532, p ¼ 0.023) and years of alcohol use (Spearman r ¼ 0.681, p ¼ 0.002), a partial correlation controlling for age was performed. The results of that correlation were no longer significant for either cocaine (partial correlation r ¼ À0.276, p ¼ 0.28) or for alcohol (partial correlation r ¼ À0.261, p ¼ 0.311) after controlling for age. Since the use of amphetamines has been related to changes in brain structure (Cowan et al, 2003) , an analysis was carried out to compare cocaine-dependent subjects with a history of use of amphetamines (AMP þ ) (n ¼ 9) to those without this history (AMPÀ) (n ¼ 9). The results of that analysis showed no significant differences between subjects with or without a history of use of amphetamines in either the genu (AMP þ 540751.2, AMPÀ 526746.8, t ¼ 0.59, p ¼ 0.56) or rostral body (AMP þ 352729.8, AMPÀ 370746.9, t ¼ 0.996, p ¼ 0.334) of the corpus callosum.
DISCUSSION
Although the entire corpus callosum was examined for differences between cocaine-dependent subjects and controls, significant differences were only seen in two regions of the anterior corpus callosum after correction for multiple comparisons. The fact that reduced FA in cocainedependent subjects was limited to the anterior corpus callosum is consistent with prior imaging studies showing changes in prefrontal cortical structure and function in cocaine-dependent subjects (Volkow and Fowler, 2000) . A post mortem study showed that the anterior corpus callosum exhibits Wallerian degeneration after injury to the inferior frontal and anterior inferior parietal regions of the brain (de Lacoste et al, 1985) . Prior studies have also Figure 2 Correlation between behavioral laboratory measured impulsivity and white matter integrity in the rostral body of the corpus callosum within cocaine-dependent subjects.
Corpus callosum white matter integrity FG Moeller et al shown that Wallerian degeneration in white matter tracts secondary to cortical injury can be detected by reductions in FA on DTI (Pierpaoli et al, 2001; Thomalla et al, 2004) . Thus, it is possible that the reduced FA seen in the anterior corpus callosum in cocaine-dependent subjects was due to damage to the prefrontal cortex. Cocaine-dependent subjects also showed greater impulsivity than controls as measured by the BIS-11 and commission errors on the IMT/DMT. Within cocainedependent subjects, those who had the lowest white matter integrity in the anterior corpus callosum had the highest impulsivity and poorest ability to discriminate between target and catch stimuli on the IMT. Unlike one previous study in schizophrenia (Hoptman et al, 2002) , there was no correlation in the present study between BIS scores and white matter integrity. The finding of reduced anterior corpus callosum white matter integrity related to impaired impulse control and reduced ability to discriminate between target and catch stimuli in cocaine users is consistent with prior theories regarding frontal cortical circuitry involvement in impaired inhibitory control in cocaine-dependent subjects (Jentsch and Taylor, 1999) . Another potential source of the relationship between behavioral measures and reduced FA is reduced function of the corpus callosum itself rather than damage to the prefrontal cortex. Prior studies by Rueckert and Levy (1996) found an association between efficiency of callosal transfer of information using bimanual coordination tasks and sustained attention in children and adults (Rueckert et al, 1999) . Thus, it is possible that diminished sustained attention due to reduced communication between the two hemispheres could be responsible for the reduced discriminability and increased commission errors seen in cocaine-dependent subjects.
Direct damage to white matter tracts rather than secondary changes in white matter tracts related to damage to the prefrontal cortex is also consistent with prior studies in substance-dependent groups. As discussed above, several prior studies have found white matter changes in cocainedependent subjects (Bartzokis et al, 2002; Ernst et al, 2000; Lim et al, 2002) . Cocaine is known to cause brain damage through cerebral ischemia (Johnson et al, 2001 ). More subtle changes in white matter could also be due to effects of cocaine on myelin production. A recent study comparing gene expression in the nucleus accumbens of cocaine users to controls found a decrease in cocaine users in several myelin-related genes, including myelin basic protein, proteolipid protein, and myelin-associated oligodendrocyte basic protein (Albertson et al, 2004) .
Thus, it is possible based on previous research that the reduced FA seen in cocaine users was due to effects of cocaine. However, even though only two of the subjects in the current study met criteria for past alcohol dependence, since all subjects had some history of past alcohol use, it is also possible that at least part of the group differences in FA could have been related to alcohol use. There is evidence that chronic alcohol use is associated with reduced white matter integrity as shown by a study of alcoholic women which found reduced FA in the corpus callosum compared to control women (Pfefferbaum and Sullivan, 2002) . In addition, since six of the cocaine-dependent subjects were polydrug users, it is possible that drug use other than cocaine, or in combination with cocaine, could have accounted for at least part of the finding of reduced white matter integrity in the cocaine-dependent subjects. To provide information about whether amphetamine use alone was responsible for the changes on DTI, a comparison between cocaine-dependent subjects who reported a history of amphetamine use and those who denied a history of amphetamine use was performed. Since there were no significant differences between subjects who reported a history of amphetamine use (n ¼ 9) and those who denied this history (n ¼ 9), it is unlikely that the differences in DTI Figure 3 Correlation between discriminability on the IMT and white matter integrity in the rostral body of the corpus callosum within cocaine-dependent subjects.
were solely due to amphetamine use. However, it cannot be ruled out that amphetamine use could have contributed to reductions in FA.
Based on the correlation with years of substance use, there is indirect evidence that the reduction in white matter integrity seen in the present study could have been caused by cocaine or alcohol use. However, it is also possible that these changes could pre-exist in individuals more prone to cocaine use. Although not directly related to DTI, corpus callosal volumes have been shown to differ in groups at risk for development of substance abuse. A prior MRI study in children with ADHD found reductions in anterior corpus callosum area, which was significantly correlated with impulsivity-hyperactivity subscales of both the parent and teacher Conner's Questionnaire (Giedd et al, 1994) . Other studies have found reductions in anterior corpus callosum volume in children with ADHD (Hynd et al, 1991) , (Baumgardner et al, 1996) . However, another larger MRI study did not find smaller corpus callosum volumes in ADHD children (Castellanos et al, 1996) , possibly because this study did not control for position of the brain (Giedd et al, 2001) . Another recent study found that childhood abuse was associated with a reduction in area on MRI in the anterior midbody of the corpus callosum (Teicher et al, 2004) . Thus, factors that could predispose individuals to substance abuse could also be responsible for changes in corpus callosal white matter.
In summary, this study demonstrated a reduction in white matter integrity in the anterior corpus callosum in cocaine-dependent subjects, which was associated with increased behavioral laboratory measured impulsivity and with reduced ability to discriminate between target and catch stimuli in these individuals. Since this region of the corpus callosum is linked to the prefrontal cortex, it is possible that the reduction in FA and impairment in impulse control and discriminability in the cocainedependent subjects are related to prefrontal cortical pathology secondary to cocaine use. Further research is needed on the etiology of these changes and their potential for prevention or treatment.
